Study design: Retrospective cohort study.
Results: At the 4-year follow-up (range, 2-5 years) significant improvement was noted on some subjective parameters in both groups. No statistical differences were seen between the groups at final follow-up. Five patients (42%) in the rigid group and two patients (20%) in the dynamic group were rated good or excellent according to the overall Stauffer and Coventry satisfaction criteria. Radiologically, seven patients (58%) in the rigid group were undoubtedly fused and all the involved discs in the dynamic group continued to degenerate. Adjacent segments showed loss of disc height in both groups but only loss of upper adjacent discs in the rigid group was statistically significant. Two patients in the dynamic group and one patient in the rigid group required reoperation because of the pedicle screw misplacement.
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Winterthur, Switzerland). Rigid stabilization was obtained by transpedicular screw fixation (XIA, Stryker Spine, Allendale, New Jersey, USA) and two interbody cages (Stryker Spine, Cestas, France) per segment.
Outcomes
• Clinical outcomes: Clinical outcome was assessed with Oswestry disability index (ODI), visual analogue scale (VAS) for back pain, leg pain, and activity level, filled in by patients preoperatively and at follow-up.
• Satisfaction outcomes: Stauffer and Coventry overall satisfaction criteria and VAS for satisfaction of the treatment were taken at follow-up.
• Health-related quality of life: Health-related quality of life was estimated with a Short Form-36 (SF-36) questionnaire at follow-up.
• Radiological outcomes: Signs of fusion and disc height of the involved and adjacent segment(s) were determined on the standing lateral x-rays. Standing lateral x-rays of the lumbar spine were evaluated preoperatively and at follow-up. Plain x-rays were taken between 3 and 6 hours after the patient woke up in the morning. The central x-ray beam was focused on L4. X-rays with evident projectional distortions due to lateral tilt or longitudinal rotation were excluded, and new x-rays were taken from the same patient. The disc height was calculated as the mean of the anterior, middle, and posterior disc heights according to the criteria of Quint et al [4] . Solid fusion was determined to be present only if a sentinel was evident.
• Complications and treatment failures: All complications recorded in patients' files were thoroughly evaluated. Revision surgeries were stated as treatment failures. 
Analysis

Conclusion:
The results of this study indicate no significant difference between dynamic and rigid stabilization of the lumbar spine for patients with degenerative disc disease (DDD). However, the study is underpowered and further studies on larger and homogeneous group of patients should be undertaken.
STUDY RATIONALE AND CONTEXT
Significant disagreement exists among spine surgeons regarding the optimal technique of stabilization for treatment of degenerative disorders of the lumbar spine. Dynamic stabilization is believed to reduce progressive degenerative disc disease and prevent adjacent segment degeneration in selected patients with low back pain [1] [2] [3] .
CLINICAL QUESTION
The objective was to compare dynamic stabilization versus traditional rigid fusion of the lumbar spine with respect to (1) medium-term clinical outcome, (2) patient satisfaction, and (3) radiological outcome.
METHODS
Study design:
Retrospective cohort study.
Inclusion criteria:
Consecutive patients with DDD requiring stabilization of the degenerated segment(s) with or without additional decompressive surgery using either dynamic or rigid instrumentation, operated between February 2006 and February 2009.
Exclusion criteria (Fig 1):
Patients with deformities, eg, spondylolisthesis or scoliosis, and without preoperative documentation available at the final follow-up.
Patient population and intervention compared (Fig 1)
• Of 25 patients who were assessed for eligibility, two from the dynamic and one from the rigid groups were operated again because of transpedicular screw misplacement, and were hence regarded as failures and excluded from the follow-up analysis.
• Treatment was assigned based on surgeon preference and was not consciously related to factors that may have influenced the outcome.
• Dynamic stabilization was accomplished using a dorsal transpedicular device (Dynesys, Centerpulse,
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RESULTS
• The two groups did not differ significantly at baseline with respect to variables that were measured ( Table 1) . The follow-up time for the dynamic group was 38 months (median range, 21-60 months), and for the rigid group 53.5 months (median range, 25-60 months).
• Clinical outcomes: There were no significant differences between the groups with regard to the change in preoperative and follow-up values of ODI, VAS back pain, VAS leg pain, and VAS activity level ( Table 2 ). Significant improvements (preoperative versus followup values) were seen in VAS back pain, VAS leg pain, and VAS activity level in both groups; and ODI in the dynamic group ( Table 2 ).
• Satisfaction outcomes: Patients in both groups were equally satisfied with the performed treatment (VAS = 7 in both groups, P = .61). According to Stauffer and Coventrys overall satisfaction criteria, grades excellent or good were achieved for two patients (20%) in the dynamic group and for five patients (42%) in the rigid group (P = .25). Within group P value for change score † • Health-related quality of life: No significant differences were seen in any of the SF-36 parameters ( Table 4 ) (Fig 2) .
• Radiological outcomes: The involved discs in the dynamic group continued to degenerate ( Table 3 ) (Fig  3a-b) . Adjacent segments showed loss of disc height in both groups but only loss of upper adjacent discs in the rigid group was statistically significant ( Table 3) . Solid fusion was undoubtedly determined in seven patients (58%) from the rigid group. No obvious signs of non-fusion, eg, screw breakage or loosening, were noted on x-rays.
• Complications and treatment failures: No surgical complications, eg, dural tear, nerve root lesion, wound infection or hematoma was recorded in any patient. However, two patients in the dynamic group and one patient in the rigid group required reoperation because of the pedicle screw misplacement resulting in nerve root irritation and pain. After revision surgeries with rigid instrumentation, all fusions were solid with positive sentinel sign on x-ray at final follow-up. † The number of involved discs differs from number of patients since three patients (of 10 analyzed) in the dynamic group and one patient (of 12 analyzed) in the rigid group had two operated segments. Additionally, the number of lower adjacent discs also differs according to the operated level (no lower disc if L5-S1 is the involved segment). ‡ Mann-Whitney test (exact). Original research-Dynamic versus rigid stabilization for the treatment of disc degeneration (…)
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DISCUSSION
• Regarding clinical outcomes, significant improvements in back pain, leg pain and activity level were obtained in patients with either dynamic or rigid stabilization of the lumbar spine.
• Another retrospective multicenter study [5] has shown significantly improved mean back and leg pain as well as ODI scores from the baseline to 12-month followup evaluation in patients requiring decompression and instrumented fusion for one or two continuous spinal levels treated with the Dynesys construct. On the contrary, our study was not able to demonstrate any significant improvement in the ODI score at the 4-year follow-up.
• There does not appear to be a clear clinical advantage of dynamic over rigid stabilization with regard to patient satisfaction as measured by VAS and health-related quality of life as measured with SF-36. However, with regard to overall satisfaction criteria, patients treated with rigid stabilization have shown better results.
• Regarding radiological outcomes, our results have shown continued disc degeneration of the dynamic group at the treated level where disc height has decreased by 2 mm on the average. This was statistically significant. Adjacent segment degeneration was also noted in both groups but was statistically significant for the upper adjacent segment of the rigid group only, where disc height has decreased by 1.2 mm on the average. This fact may be attributed to the small number of patients.
• According to a recent x-ray analysis of lumbar spine range of motion after monosegmental fusion and posterior dynamic stabilization, Cakir et al [6] were unable to show any effect of Dynesys or of rigid fusion with regard to adjacent segment mobility. Our results have confirmed adjacent segment degeneration in both groups, which may be attributed to the normal or accelerated aging process of the lumbar spine.
• Regarding complications, reoperation rate was somewhat higher in the dynamic group and was mostly because of the pedicle screw misplacement. This may be linked to the slightly different entry point of the dynamic instrumentation unfamiliar to the traditional spine surgeon, larger self-cutting screws, and/or simply the learning curve.
• In one retrospective study of patients consecutively treated by Dynesys for DDD and evaluated with a postal, patient-oriented follow-up questionnaire [7] , the authors were unable to provide support for the notion that dynamic fixation of the lumbar spine results in better outcomes than those typical of fusion. Besides, the reoperation rate after Dynesys was relatively high (19%) at 2-year follow-up. This is consistent with results of our study, in which two of 12 patients required reoperation and fusion and one was scheduled for a further surgical intervention, giving the reoperation rate of 25%.
• Strengths: Ours is a single-center controlled trial where potential differences between comparison groups other than those related to fixation were kept to a minimum.
• Limitations: The number of patients in each group was small and the study has been underpowered to detect statistical differences between groups. The difference in ODI change (follow-up -baseline values) between groups was clinically relevant (> 10 [8] ). However, if we wanted for the difference in ODI change to be statistically significant, we would need 80 patients in each group (α = 0.05, 1-b = 0.8). Moreover, the patient population was not homogeneous as surgeries were performed for different indications and on different levels which may have biomechanical consequences. Besides, the median follow-up time was 13.5 months shorter in the dynamic group which may also influence the results. A computed tomographic analysis is better for radiological assessment of fusion but it would further burden the patients with radiation exposure.
SUMMARY AND CONCLUSION
• This is one of the few controlled studies to compare the clinical and x-ray outcomes of two different types of fixation (one dynamic and one rigid) in patients who would benefit from surgical stabilization for the DDD with a medium-term follow-up.
• We did not observe a significant difference between the two techniques regarding patient-oriented and radiological outcomes, but acknowledge that the study is underpowered.
• Revision rate was higher in the dynamic group but this may be due to the small number of patients.
• Additional randomized studies with larger sample sizes, homogeneous patient population, and homogeneous treatment options are needed to further evaluate the benefits of dynamic versus rigid stabilization of the lumbar spine.
